We apply the pinch technique , which is a method to construct the gauge independent off-shell Green's functions, to the process e − γ → W − ν to study the effects of radiative corrections to W W γ three gauge boson vertex. The one-loop contributions to the anomalous gauge boson couplings are estimated in the standard model.
Introduction
Measuring the self-couplings of the electroweak gauge-bosons is one of the important topics at the next linear colliders. A general approach to examine the W W Z and W W γ vertices was discussed by K.Hagiwara et.al in terms of the effective Lagrangian. [1] They studied the process e + e − →W + W − with generalized ZW and γW couplings. The explicit form of the effective Lagrangian is given by,
where A µν = ∂ µ A ν − ∂ ν A µ , V = γ or Z andṼ µν = 1 2 ε µνρσ V ρσ . In particular, κ γ and λ γ are related to the magnetic dipole moment µ W and the electric quadrupole moment Q W as;
In the context of the standard model, κ γ = 1, λ γ = 0 at the tree level . A deviation from the standard model prediction for these quantities may suggest a new physics. So the radiative corrections to these quantities must be estimated before discussing new physics. This talk contains two parts of topics. First we review the S-matrix pinch technique and explain how to construct the gauge-invariant self-energy of the gauge-boson in the QCD case as a simplest example. Next we apply the pinch technique to the process e − γ → νW − to study the electroweak one-loop correction to the gauge independent W W γ vertex. We examine the behavior of the W W γ vertex at the e − γ collider.
Pinch technique
Using the pinch technique we get the gauge-invariant off-shell Green's functions. In this section we briefly review the S-matrix pinch technique. [5] We show the outline to construct the gauge-invariant two-point function of a gauge boson in the QCD case, as a simplest example. The case of spontaneously symmetry broken theories was discussed in refs. [6] .
Now we consider the two-body scattering of two test quarks. The S-matrix element T is gauge independent to any order in the perturbation theory. We can decompose the S-matrix element T in the form,
where m 1 and m 2 are masses of the test quarks, t and s are the Mandelstam variables,
The functions A, B and C are evidently gauge independent. From the different kine- 
with
From the simple Ward identity,
and using the equation of motion for the on-shell quarks ( pψ(p) = 0), we note that the contribution from the Γ P looks like fig.3(b) . Then the decomposition of the vertex Γ into Γ F and Γ P corresponds to that of the contribution fig.3(a) into the two type parts fig.3(b) and fig.3(c) . We redefine the modified two-point function by adding the pinch parts from the vertex contributions fig.3(b) to the conventional two-point function. We get the new gauge-invariant self-energy at the one-loop level by,
Here b is the coefficient of
and b = 11N/48π 2 for SU(N) Yang-Mills theory.
We can construct the gauge independent n-point Green's functions by following just the same procedure. We will show the results of the numerical computations below. We put the Higgs mass M H = 100 GeV and Top mass M t = 174 GeV. In fig.5 , we show the dependence on the beam polarization, with the beam energy being √ S = 300 GeV. The cross section for the process e − L γ (±) → νW − are plotted in fig.5(a) . The indices (±) on γ mean the polarizations of γ beams. We plot the ratios of the tree level cross section and the cross section including the modified W W γ vertex in fig.5(b) . We define the ratio R by,
where σ P T is the cross section which include the vertex correction using pinch technique and σ tree is the cross section at the tree level. We note that the size of the vertex correction is very sensitive to the beam polarizations. We plot the energy dependence of the unpolarized cross section in fig.6(a) , and ratios R in fig.6 (b) at √ s = 300 and 500
GeV. In fig.7 , we plot (a)∆κ γ ≡ κ γ − 1 and (b)λ γ for the unpolarized case at √ s = 300
and 500 GeV. Since we have calculated the one-loop effects in the context of the standard model, these quantities depend on θ (t).
Summary
The pinch technique is an algorithm to construct the gauge invariant off-shell Green's function in the perturbation theory. Using the pinch technique, we can estimate the contribution of the one-loop correction to W W γ and W W Z vertices with the gauge invariance being kept.
We applied the pinch technique to the process e − γ → νW − , and estimated the radiative corrections to the W W γ vertex. It is noted that the vertex corrections are sensitive to the beam polarization. One-loop contribution to ∆κ γ is O(10 −2 ) and λ γ is O(10 −3 ) at √ s = 300 ∼ 500 GeV e − γ collider. 
